Abstract: Aim: Phytoplankton species diversity in floodplain lakes is influenced by different conditions imposed by the hydrosedimentological regime of the main channel. This study evaluated the predictors of composition and species richness phytoplankton in the long-term scale, in a floodplain lake directly connected to the Paraná River. We hypothesized that species richness of the floodplain lake is directly related to the degree of connectivity with the main channel. Methods: Quarterly samplings were conducted between February 2000 and March 2013 (except in 2001, under the water surface of the pelagic zone of the lake. Data were analyzed with Spearman correlation, PCA, DCA, ANOVA and regression analysis. Results: We identified 397 taxa with high contribution of rare species (72%). Chlorophyceans and diatoms were the most frequent groups. There was a trend of increasing of diatoms and decrease of cyanobacteria. The DCA showed differences in phytoplankton composition. The highest mean richness values were found in years with high number of days under potamophase. Significant differences between years were detected for total species richness and first axis of DCA. Regression analysis indicated that the predictors of species richness were Z eu and Z max .
Introduction
Phytoplankton is an important tool for understanding the maintenance of species diversity (Stomp et al., 2011) and species richness can be a simple measure to quantify and express the complexity of an area (Nabout et al., 2007) . According to McCann (2000) , the influence of species richness has been increasingly recognized over the dynamics and functioning of the community, especially in relation to stability and productivity, essential for to understand the factors that drive the phytoplankton richness.
The remarkable environmental heterogeneity produced by complex interactions between surface water, groundwater and riparian vegetation in floodplain systems results in high biodiversity (Ward and Tockner, 2001) . In these systems, the occurrence of limnophase (low water) and potamophase periods (high water) strongly influence the organization of aquatic communities (Neiff, 1990) .
Besides, the relative importance of local and regional environmental factors in controlling species richness depends on, among other factors, the dispersal ability of the species in question (Ptacnik et al., 2010) , directly influenced by the connectivity between habitats. Significant variations of the phytoplankton community in floodplain lakes in response to the hydrosedimentological regime has been evidenced by several authors Nabout et al., 2007; Bovo-Scomparin and Train, 2008; Borges and Train, 2009; Bovo-Scomparin et al., 2013; Passarinho et al., 2013) .
In floodplain lakes, natural fluctuations in the water level have been modified by the regulation of flow of channels associated. Due to the construction of dams, many floodplain lakes have been isolated from the main water bodies (Wantzen et al., 2008) . However, the influence of climate changes has caused significant impacts on the magnitude, speed and frequency of extreme events of drought or flood (Abrahams, 2008) .
In the Upper Paraná River, the presence of upstream dams and their operational processes (Agostinho et al., 2008; Souza Filho, 2009; BovoScomparin et al., 2013) , and climatic events (Borges and Train, 2009; BovoScomparin and Train, 2008; Rodrigues et al., 2009) are identified as important causes of changes in the hydrosedimentological regime and connectivity between the main channel and floodplain lakes, and consequently, changes in the phytoplankton community.
Thus, this study evaluated what are the predictors factors of phytoplankton composition and richness, in a long-term scale, in a floodplain lake directly connected to the Paraná River. We hypothesized that the species richness in the floodplain lake is directly related to the index of connectivity with the main channel. Therefore, it is expected a higher phytoplankton richness in years with high number of days under potamophase.
Material and Methods

Study area
The Paraná River has variable width and is associated with a very large floodplain. This floodplain, especially on the western margin of the Paraná, may be up to 20 km wide and is composed of numerous secondary channels, lakes and rivers. Due to its importance as a river-floodplain system, this floodplain was given status as an Environmental Protection Area (APA) to preserve the islands and 'várzeas' of the Paraná River (Souza Filho, 2009 ). This APA comprises all stretches of the upper Paraná River that have not yet been dammed, from the mouth of the Paranapanema River to the beginning of the Itaipu Reservoir.
The study was conducted in a lake permanently connected to the Paraná River (Garças Lake) through a narrow channel (Figure 1 ), in the middle section of the Upper Paraná River, downstream of the Porto Primavera Reservoir. The Garças Lake (22°43'S 53°13'W) is 2.128 m in length and 14.1 ha in area, with a perimeter of 4.328 m and an average depth of 2 m, and has a large coverage of macrophytes, including Eicchornia, Salvinia and Polygonum. Phytoplankton samples were taken under the water surface (20 cm deep), at the pelagic zone of the lake. Samples were collected directly with bottles and preserved in 1% Lugol's solution. The counting was performed in random fields, in an inverted microscope, according to Utermöhl (1958) and Lund et al. (1958) . Phytoplankton richness was considered the number of taxa present in each quantitative sample. The frequency of occurrence of the species was calculated according to Dajoz (2005) .
Methods
Water temperature, pH, electrical conductivity (EC) and dissolved oxygen (DO) were measured with portable digital potentiometers. The transparency was determined with a Secchi disk and the turbidity with a turbidimeter. The euphotic zone (Z eu ) was calculated as being 2.7-fold the depth of the Secchi disk. Variations in water level of the floodplain lake were evaluated by the values of maximum depth (Z max ). The Z eu /Z max ratio was used to evaluate the light availability.
Concentrations of total phosphorus -TP, soluble reactive phosphorus -SRP, nitrate -N-NH 3 and ammonium -N-NH 4 were also determined. C o n c e n t r a t i o n s o f d i s s o l ve d i n o r g a n i c nitrogen -DIN were estimated by the sum of concentrations of nitrate and ammonium. Details of the methods employed for obtaining limnological variables are found in a specific study in this floodplain (Roberto et al., 2009 ). The daily water levels of the Paraná River (HL) were provided by Itaipu Binational, the Brazilian National Water Agency (ANA) and Nupelia.
Periods of potamophase were considered when the hydrometric level of the Paraná River was greater than 3.5 m, which signals the beginning of the flooding process of the lentic environments associated with the Upper Paraná River (Souza Filho, 2009 ). Low and high water levels and connectivity index were calculated by the Pulse Program (Neiff and Neiff, 2003) . Periods of low water levels have been associated with low connectivity of the Paraná River to other environments in this floodplain, because the inflow of water from this river to connected environments begins when water levels exceed 3.5 m (Thomaz et al., 2007) .
Spearman correlation was used to determine the relationship between the water level of the Paraná River and Z max of the lake. Principal Components Analysis (PCA) was employed to summarize the environmental variability contained in abiotic variables and to reduce the number of predictor variables in the multiple regression model (see below). Detrended Correspondence Analysis (DCA) was applied to evaluate the similarity in species composition of the lake in different years. ANOVA (one-way) tested the differences in values of the total phytoplankton richness and scores of the first two DCA axes over the years sampled. Tukey's Test compared the means when significant differences were detected. Multiple regression analyses were run to identify abiotic variables influencing phytoplankton community in the floodplain lake, using the following response variables: total phytoplankton richness and the first two DCA axes. Residuals were analyzed to check for the validity of multiple regression assumptions (normal distribution and homogeneity of variances). PCA and DCA were performed using PCORD 6.0 (McCune and Mefford, 1999) , whereas Spearman correlation, ANOVA, Tukey's Test and multiple regression were performed using Statistica TM 7.1 (StatSoft, 2005) .
Results
The hydrosedimentological regime of the Paraná River pointed out annual irregular cycles with high water level variation (CV = 28.7%). Were registered 397 species, and distributed into Chlorophyceae (30%), Bacillariophyceae or diatoms (17%), Cyanobacteria (16%), Euglenophyceae (15%), Zygnemaphyceae (11%), Xanthophyceae (4%), Chrysophyceae (3%), Cryptophyceae (2%), Dinophyceae (1%) and Raphidophyceae (0.2%). There was a high contribution of rare species (72%). and changes in the phytoplankton composition ( Figure 7 ). Significant differences were observed between years for total species richness (F=3,32; p=0.002) and DCA 1 (F=11,1; p=0.000). Tukey's test evidenced significant differences for total species richness between the first two years ( A multiple regression analysis (Table 2 ) showed a significant relationship between total species richness and Z eu and Z max (89% explanation). A relationship between DCA 1 and PCA 1 and PCA 2 was also found (32% explanation). For all models tested, residuals were analyzed, and there were no outliers, or trends, or serial correlation, thus meeting the assumptions of the analysis.
Discussion
The high phytoplankton richness registered in the floodplain lake studied can be considered a recurrent pattern for shallow lakes of the Upper Paraná River floodplain ; Bovo- (Melo and Huszar, 2000; Nabout et al., 2006; Nabout et al., 2007; Nogueira et al., 2010) . The constant changes in physical and chemical conditions in floodplain lakes enables the coexistence of a high number of nanoplanktonic species, opportunistic and with high growth rate (Bovo-Scomparin and Train, 2008) , even in limnophase periods, which may explain the high contribution of rare species in this study. The low contribution of common species is because most species in ecological communities are rare (Magurran and Henderson, 2003) .
Great contribution of chlorophyceans and diatoms to phytoplankton richness was also found in other lentic environments of this floodplain Bovo-Scomparin and Train, 2008; Borges and Train, 2009) , and in environments associated with the middle Paraná River (Garcia de Emiliani, 1997), Paraguay (Oliveira and Calheiros, 2000) , Amazon (Melo and Huszar, 2000) and in the lakes of the Paranapanema River (Granado and Henry, 2014) . The high frequency of chlorophyceans and diatoms is probably due to their cosmopolitan distribution.
The constancy of Cryptomonas marssonii (Skuja), Chroomonas acuta (Utermöhl) and Mallomonas sp. may be related to their broad physiological plasticity, enabling their occurrence in a wide array of environmental conditions, and because they are benefited by mixotrophy. Moreover, these taxa have characteristics such as small size, high surface/volume ratio and high metabolic activity, which favor their permanence in these dynamic environments (Reynolds et al., 2002; Padisák et al., 2009 ).
The significant difference observed for the species richness and composition of phytoplankton between the years 2000 and 2001 from the others reflected the influence of connectivity on this community in floodplain lakes. The lower connectivity index registered in those years resulted in lower mean values of richness. On the other hand, in 2002, when occurred significant increase in connectivity, it was registered the highest mean richness.
The low connectivity index of the lake with the main channel in 2000 and 2001 is possibly due to energetic crisis occurring in this period, a significant amount of water was retained for electricity production by the reservoirs. Additionally, this period coincided with the impoundment of the Porto Primavera Reservoir, which had completed its filling at the beginning of 2001. Low rainfall in this period was related to the influence of La Niña phenomenon (McPhaden et al., 2006) , which caused negative anomalies in rainfall in the Paraná River basin (Borges and Train, 2009) .
Water fluctuations, in the long term, cause changes in vertical mixing of shallow lakes, occurring conditions of total mixture of the water column, by the wind, when occurs marked decrease in the water level (Hofmann et al., 2008) . In this sense, low values of Z max and high nutrient concentrations recorded in the Garças lake, during the period under the influence of La Niña phenomenon, may have contributed to the decline in phytoplankton richness. These results emphasized the importance of functional connectivity, which takes into account the organism-landscape interaction, being considered an essential element for biodiversity maintenance (Matisziw and Murray, 2009 ). The highest connectivity index recorded from 2007 promoted a complete turnover of phytoplankton as evidenced by DCA. Furthermore, the ANOVA and Tukey's test indicated significant differences between the years with higher and lower values of this index. These changes may be associated with increased dispersion of species from other environments of floodplain or even the reservoirs upstream of the Paraná River, which may have occurred mainly during periods of increased connectivity from this year. The relationship between hydrological connectivity and biodiversity depends on the exchange of organisms and gene flow through processes of colonization and extinction (Cloern, 2007) .
Regarding the intrinsic knowledge that the functioning of lake systems is partially controlled by the amount and frequency of water resource, which is directly related to the level fluctuation (Coops et al., 2003) , the positive correlation between the Z max of Garças lake and the water level of the Paraná river points out that the level of this lake is directly influenced by the river. Thus, fluctuations in total richness and composition phytoplankton were determined by the depth of the lake and light availability, which in turn are influenced by variations in the hydrosedimentological regime of the Paraná River, as evidenced by direct relationships between these variables and total richness obtained and the first DCA axis.
Intensity, frequency and amplitude of the potamophase and limnophase events play a key role in structuring, functioning and integrity of the adjacent floodplain environments (Neiff, 2001) . The variation of Z max of the Garças lake, which is affected by daily fluctuations in water level of the Paraná River, due to the influence of upstream reservoirs (Souza Filho, 2009 ) has provided the conditions for mixing the water column and increased circulation of nutrients during most periods, conditions that may have favored meroplanktonic diatom species, resulting in the trend of increase of diatom richness, and inversely, leading to a decline in cyanobacteria richness in the floodplain lake.
Although cyanobacteria are adapted to a range of environmental conditions, they require certain stability in environment for its development. Thus, the magnitude, duration and frequency of pulses and daily variations of the discharge and the water level of the river (Souza Filho, 2009; Stevaux et al., 2009 ) directly influence the decline in cyanobacteria richness in this floodplain lake.
The interannual variation of flood pulses and the connectivity between the main channel and floodplain lakes interfere with adaptations of species and consequently promote the occurrence of different species between years (Wantzen et al., 2008) . Thus, the frequency and intensity with which hydrosedimentological regime influenced the hydrodynamics of this environment, our results corroborate our hypothesis that species richness in floodplain lakes is directly related to the index of connectivity with the main channel. Therefore, phytoplankton richness is an important criterion in assessing the preservation and conservation of this stretch of the Upper Paraná River, as well as an important element to be considered when proposing strategies for maintenance of biodiversity.
